Background: Age related bone loss is widely accepted as related to decreased serum-levels
decrease of BMD induced by the drop of estrogens around the menopause. In contrast, men experience a slow decline in circulating testosterone (T) levels between 50 and 80 years of age and therefore a more gradual loss of BMD (1, 2) . This difference in the kinetics of sexsteroid production over time probably explains the lower prevalence of male age-related osteoporosis. Although more uncommon than female osteoporosis, the average prevalence of osteoporosis for men over 50 years of age is reported to 6% (3) and in some reports up to 20% (4) . Fractures associated with male osteoporosis carry a higher mortality than does fractures associated with female osteoporosis (5).
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Several studies have shown total estradiol (E) deficiency , T deficiency and low serum levels of bio-available estradiol (bio-E) to be predictors of male osteoporosis (6, 7, 8, 9 , 10), a correlation not found for Bio-T in these studies. Results pointing at a more important role of T in male bone turnover are reported by Fink and co-workers who found total T deficiency to be associated with osteoporosis in men, independent of E levels, and they also found that low levels of total T and Bio-T appeared to be stronger predictors of rapid bone loss than were low levels of total E and Bio-E (11). Free Testosterone (FT) within normal range has is also recently been found to be an independent positive predictor of BMD in elderly men, and also of both previous and prevalent osteoporosis related fractures in the same group (12) . The latter finding makes it of special interest to study elderly men with a history of low energy distal radius fractures.
Since such conflicting results have been reported concerning the impact of T on male osteoporosis and prevalence of low energy fractures, our aim for this study was to further investigate the relationship between T levels and BMD in elderly men treated for low energy distal radius fractures at our hospital. BMD (g / cm 2 ) was measured at the calcaneus by dual energy X-ray and laser (DXL)
technique with a DXL Calscan (Demetech AB, Solna, Sweden). The precision for DXL Calscan is in vivo 1.5% CV. T-scores were calculated using the manufacturer's references which is based on a Swedish, Caucasian male population (14) . Ethics: The study was approved by the research ethics board in Linköping.
Every patient and control person was given both written and oral information and gave oral consent to participate.
Results:
The mean age +/-SD was 70. Interestingly, though not statistically significant, both low weight and smoking are more frequent in the fracture group. This is in accordance with the well known correlation between low weight, smoking and osteoporosis in females. In this study, men with a history of distal radius fractures had statistically significant lower calcaneal BMD-and FAI compared to healthy age-matched controls, whereas no such difference could be found for T. Although not as accurate as FT or Bio-T, especially in men, FAI is still a guide to the free testosterone level were all of rather small cohorts of men (21, 22) . Our analyses of covariance and our regression analyses have confirmed significant relations between low Bio-T, low t-scores and increased risk of sustaining low energy distal radius fractures.
In contrast to some other investigators (7, 9, 10) our study showed a significant relation between Bio-T and BMD. The study by Mellström and co-workers also showed a strong correlation between the non-globuline bound fraction of T (FT), within normal range, and BMD in their cohort of elderly swedish men (12) . By including both FT and Free-E2 values in the same regression models they could establish FT as an independent positive predictor of BMD in male skeletal sites with predominantly cortical bone. It is one of the shortcomings of our study that such an analysis could not be done. The linear regression analysis of Bio-T and t-scores was highly significant in our study, in accordance with Mellström et al. who showed Bio-T within normal levels of variance to be an independent predictor of BMD in men (12) .
These findings are also in accordance with the results of Gillberg et al.(23) , who found FAI and Bio-E2 to be statistically reliable explanatory variables for BMD (23) .
Although the level of Bio-T was only reduced by 16%, the most probable explanation to the results is the low androgen activity seen in the fracture group.
In conclusion, we have found that men with a history of radiologically documented distal radius fractures have lower calcaneal bone density and lower Bio-T levels, partially because of higher SHBG levels, thereby supporting other findings about the relationship between Bio-T and BMD To our opinion, an elderly man with a wrist fracture and low Bio-T should urge a BMD test, fracture risk assessment (FRAX), and consequently osteoporosis prevention or treatment. . Tables:   Table 1 . Fisher's exact test Anthropometrics, confounding factors, sex-homone variables and t-scores (mean ± SD).
P-values calculated with t-test except where noted. Table 2 .
Crude and adjusted OR from logistic regression analysis for fractures in relation to Bio-T.
Adjusted OR denotes adjusted for anthropometrics and confounding factors. OR also adjusted for t-scores denotes for OR adjusted for anthropometrics, confounding factors and t-scores. Scatterplot showing the association between bio-available testosterone and tscore.
